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Description 

METHOD FOR PROGRAMMING, ERASING 
AND READING A FLASH MEMORY CELL 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a method for operating a 
flash memory, more specifically, to a method for pro- 
gramming, erasing and reading a single-transistor P- 
channel flash memory. 

[0003] 2. Description of the Prior Art 

[0004] For the past decade, technology and application of flash 
memory cells has gradually expanded with an increase of 
portable devices. Since portable devices usually use bat- 
teries as a power source, reduction in energy dissipation 
and operating the flash memory cell at optimum condi- 
tions are main areas of research in memory cell develop- 
ment. Generally, the flash memory cell is divided into a P- 
channel and an N-channel. The P-channel flash memory 



cell has characteristics of low power consumption, low 
programming voltage, and fast programming, so that the 
P-channel flash memory cell has been adapted to be used 
in a field of portable devices. Programming methods for 
the P-channel flash memory cell can be divided into three 
kinds: channel hot hole induced hot electron program- 
ming, band-to-band tunneling (BTBT), and Fowler- 
Nordheim (FN) tunneling. 
[0005] | n 1992, Hsu et al. in an article entitled "A High Speed, 
Low Power P-Channel Flash EEPROM Using Silicon Rich 
Oxide as Tunneling Dielectric", International Conference 
on Solid State Devices and Materials (SSDM), 1992, 
pp. 140-142, which is incorporated herein by reference, 
disclosed that by using silicon rich oxide (SRO) as tunnel- 
ing dielectric in P-channel EEPROM cell, a high speed, low 
power and low voltage flash EEPROM can be accom- 
plished. The hot electron injection in P-channel cell can 
be 2 orders in magnitude greater than that in N-channel 
cell, while the channel current during programming in P- 
channel cell is 2 orders in magnitude less than that in N- 
channel cell. 

[0006] t_ Ohnakado et al. in an article entitled "Novel Electron In- 
jection Method Using Band-to-Band Tunneling Induced 



Hot Electron (BBHE) for Flash Memory with a P-channel 
Cell", IEEE International Electron Devices Meeting Techni- 
cal Digest, 1995, pp.279-282, disclosed a PMOS floating 
gate (FG) memory cell. A PMOS FG cell is formed in an N- 
well region of a P substrate. A P + source and a P + drain 
are formed in the N-well region. Dopants of the N typeare 
implanted into a channel region to realize an enhance- 
ment mode device. An N type polysilicon floating gate is 
insulated from the N-well region by a tunneling oxide 
layer. A control gate is insulated from the floating gate by 
another insulating layer. The cell is programmed by ap- 
plying a high positive voltage of about 10 volts to the 
control gate, approximately -6 volts to the P + drain, float- 
ing the P + source, and grounding the N-well region. Un- 
der these bias conditions, hot electrons induced by band- 
to-band tunneling (BTBT) are injected into the floating 
gate. The resultant accumulation of charge on the floating 
gate increases the threshold voltage V t of the cell to ap- 
proximately -2.5 volts. Thus, when programmed, the cell 
operates as an enhancement mode device. 
[0007] please refer to Fig. 1. Fig. 1 is a cross-sectional diagram 
of a prior art typical P-channel flash memory cell 10" in a 
programming mode. As shown in Fig. 1, the P-channel 



flash memory cell 10"is comprised of an N-type doped 
substrate 12", an N-type doped control gate 14", an N- 
type doped floating gate 16", a P + source 17", a P + drain 
18", a tunneling oxide layer 21" located between the 
floating gate 16" and the substrate 12", and an oxide-ni- 
tride-oxide (ONO) dielectric layer 22located between the 
control gate 14" and the floating gate 16". 
[0008] | n a general band-to-band tunneling (BTBT) programming 
mode, a positive high voltage of 10 volts is provided to 
the control gate 14", a negative voltage of 6 Volts is pro- 
vided to the drain 18", the substrate 12is grounded, and 
the source 17is in a floating state. In programming mode, 
electron-hole pairs are generated by band-to-band tun- 
neling in a region where the drain 18and the floating gate 
16overlap. The generated electrons are repelled into the 
channel region under the floating gate 16". Some elec- 
trons get enough energy to overcome an energy barrier of 
the tunneling oxide layer 21" and inject into the floating 
gate 16". Please note that programming efficiency and 
tunneling probability of electrons of the BTBT mechanism 
are related to an energy gap in the valance band- 
conduction band (EV-EC) in the region where the drain 
18and the floating gate 16overlap. The smaller the energy 



gap is, the greater the band-to-band tunneling probabil- 
ity of electrons will be present. 
Summary of Invention 



[0009] it is a primary objective of the present invention to pro- 
vide a low-voltage program, read and erase method for P- 
channel single-transistor flash memory cell. 

[0010] According to the claimed invention, a method for pro- 
gramming a PMOS single-transistor memory unit is dis- 
closed. The PMOS single-transistor memory unit is com- 
prised of a silicon dioxide-silicon nitride-silicon dioxide 
(ONO) dielectric stack disposed on an N-well, a P type 
polysilicon gate disposed on the ONO dielectric stack, a P 
type doped source region disposed in the N-well at one 
side of the P type polysilicon gate, and a P type doped 
drain region disposed in the N-well on the other side of 
the P type polysilicon gate. The method comprises: bias- 
ing said P type polysilicon gate of said PMOS single- 
transistor memory unit to a word line voltage V ; biasing 
said P type doped source region of said PMOS single- 
transistor memory unit to a source line voltage V sl that is 
greater than the word line voltage V , wherein |V -V [ 

3 3 WL WL SL 

is larger than threshold voltage of said PMOS single- 
transistor memory unit, so as to provide an adequate 



gate-to-source bias to turn on a P-channel 16 of said 
PMOS single-transistor memory unit; biasing said P type 
doped drain region of said PMOS single-transistor mem- 
ory unit to a bit line voltage V bl , wherein said bit line volt- 
age V is smaller than said source line voltage V , so as 

BL 3 SL 

to provide a lateral electric field for P-channel hot holes, 
wherein said lateral electric field forces said P-channel hot 
holes passing through said P-channel in an accelerated 
drifting rate to said P type doped drain region, thereby in- 
ducing hot electrons near said P type doped drain region, 
and wherein some of induced hot electrons inject into said 
ONO dielectric stack; and biasing said N-well to a well 
voltage V , wherein said well voltage V is equal to said 

3 NW 3 NW ^ 

source line voltage V . 

a SL 

[001 1] | n accordance with one preferred embodiment of this in- 
vention, the word line voltage V is between 0~4V, the 

* WL 

source line voltage V $l is between 3~5V, the bit line volt- 
age V is 0V, and the well voltage V is between 3~5V. 

BL NW 

In accordance with another preferred embodiment of this 
invention, the word line voltage V is between -1 — 5V, 

WL 

the source line voltage V is 0V, the bit line voltage V is 

3 SL BL 

between -3 — 5V, and the well voltage V is between 0V. 

3 NW 

[0012] According to one aspect of the present invention, a 



method for programming a PMOS single-transistor mem- 
ory unit based on band-to-band tunneling mechanism is 
disclosed. The PMOS single-transistor memory unit is 
comprised of a silicon dioxide-silicon nitride-silicon 
dioxide (ONO) dielectric stack disposed on an N-well, a P 
type polysilicon gate disposed on the ONO dielectric 
stack, a P type doped source region disposed in the N- 
well at one side of the P type polysilicon gate, and a P type 
doped drain region disposed in the N-well on the other 
side of the P type polysilicon gate. The method comprises: 
biasing said P type polysilicon gate of said PMOS single- 
transistor memory unit to a word line voltage V WL >0V; 
floating said P type doped source region of said PMOS 
single-transistor memory unit; and biasing said P type 
doped drain region of said PMOS single-transistor mem- 
ory unit to a bit line voltage V gL and biasing said N-well to 
a well voltage V , wherein V -V bias>0V. For exam- 

3 NW NW BL 

pie, the word line voltage V is between 2~8V, the bit 

^ 3 WL 

line voltage V is -3 — 6V, and the well voltage V is be- 

BL NW 

tween 0~5V. 

[0013] other objects, advantages, and novel features of the 

claimed invention will become more clearly and readily 
apparent from the following detailed description when 



taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 



[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings: 

[0015] pig. 1 is a cross-sectional diagram of a prior art typical P- 
channel flash memory cell in a programming mode; 

[0016] FIG. 2 is a schematic cross-sectional diagram showing the 
P-channel flash memory cell according to one preferred 
embodiment of the present invention; 

[0017] FIG. 3 is an array of the single-transistor P-channel flash 
memory cells according to the preferred embodiment of 
the present invention; 

[0018] FIG. 4 is a schematic diagram illustrating the program op- 
eration according to the preferred embodiment of the 
present invention; 

[0019] FIG. 5 is a circuit diagram illustrating the program opera- 
tion according to the preferred embodiment of the 
present invention; 

[0020] FIG. 6 is a schematic cross-sectional diagram illustrating 



the read operation according to the preferred embodi- 
ment of the present invention; 

[0021] FIG. 7 schematically shows a portion of the memory array 
under read operation according to the preferred embodi- 
ment of the present invention; 

[0022] FIG. 8 is a voltage condition table including operation volt- 
ages for programming, reading and erasing the PMOS sin- 
gle-transistor memory cell according to the preferred em- 
bodiment of this invention; 

[0023] FIG. 9 is a schematic diagram illustrating the program op- 
eration according to another preferred embodiment of the 
present invention; 

[0024] FIG. 10 is a circuit diagram illustrating the program opera- 
tion according to another preferred embodiment of the 
present invention; 

[0025] FIG. 11 is a schematic cross-sectional diagram illustrating 
the read operation according to another preferred em- 
bodiment of the present invention; 

[0026] FIG. 12 schematically shows a portion of the memory array 
under read operation according to another preferred em- 
bodiment of the present invention; 

[0027] FIG. 13 is a voltage condition table including operation 

voltages for BTBT programming, reading and erasing the 



PMOS single-transistor memory cell according to another 

preferred embodiment of this invention; 
[0028] FIG. 14 is an enlarged top view schematically showing a 

portion of the layout of the P-channel flash memory cell 

array according to one preferred embodiment of the 

present invention; 
[0029] FIG. 15 is an enlarged top view schematically showing a 

portion of the layout of the P-channel flash memory cell 

array according to another preferred embodiment of the 

present invention; 
[0030] FIG. 16 illustrates the cross sectional views along lines X , 

X 2 , Y and of FIG. 15, respectively; 
[0031] FIG. 17 is an enlarged top view schematically showing a 

portion of the layout of the P-channel flash memory cell 

array according to still another preferred embodiment of 

the present invention; 
[0032] FIG. 18 illustrates the cross sectional views along lines X , 

X 2 , Y and Y^ of FIG. 17, respectively; 
[0033] FIG. 19 illustrates the gate voltage shift of the memory cell 

after performing channel hot hole induced hot electron 

programming; and 
[0034] FIG. 20 illustrates the gate voltage shift of the memory cell 

after performing BTBT programming. 



Detailed Description 

[0035] Single-transistor P-channel flash memory cell unit and an 
array of the single-transistor P-channel flash memory 
cells according to preferred embodiments of the present 
invention as well as the data programming, erasing and 
reading operations using the same are now explained in 
detail by referring to FIGS. 2-18. 

[0036] |, structure of the single-transistor P-channel flash mem- 
ory cell and an array thereof according to the present in- 
vention 

[0037] please refer to FIGS. 2 and 3. FIG. 2 is a schematic cross- 
sectional diagram showing the P-channel flash memory 
cell according to one preferred embodiment of the 
present invention. FIG. 3 is an array of the single-tran- 
sistor P-channel flash memory cells according to the pre- 
ferred embodiment of the present invention. As indicated 
by the dash line region shown in FIG. 2, the single- 
transistor P-channel flash memory cell 101 of the present 
invention is comprised of an N-well 11, an ONO dielectric 
layer 13 disposed over the N-well 11, a gate 12 located 
on the ONO dielectric layer 13, a P + doped drain region 14 
disposed in the N-well 11 at one side of the gate 12 and 
is adjacent to the ONO dielectric layer 13, and a P + doped 



source region 15 disposed in the N-well 11 at the other 
side of the gate 12 opposite to the P + doped drain region 
14. In accordance with the preferred embodiment of the 
present invention, the N-well 11 is doped in a P substrate 
10 using a suitable mask. The gate 12 may be a P + doped 
polysilicon gate, but not limited thereto. In other embodi- 
ments, the gate 12 may be a polycide (poly silicide) gate 
or a metal gate. The ONO dielectric layer 13 comprises a 
silicon dioxide bottom layer 131, a charge-trapping sili- 
con nitride layer 132, and a silicon dioxide top layer 133. 
The P + doped drain region 14 and the P + doped source 
region 15 define a P channel 16. 
[0038] As shown in FIGS. 2 and 3, the gate 12 is a part of a word 
line (WL). As best seen in FIG. 3, the flash memory array of 
the present invention is comprised of rows of word lines 
(WL), each of which electrically connects a plurality of 
gates of single-transistor flash memory cells in one row, 
and columns of bit lines (BL) intersecting the word lines. 
The P-channel flash memory cells 101 and 102 in FIG. 2 
are located in different rows, but in the same column. The 
P-channel flash memory cells 101 and 102 are fabricated 
on the same N-well. In operation, the gate 12 of the P- 
channel flash memory cell 101 is biased to a word line 



voltage V wl through the corresponding word line (WL), the 
P + doped drain region 14 of the P-channel flash memory 
cell 101 is biased to a bit line voltage V bl through the cor- 
responding bit line (BL), the P + doped source region 15 of 
the P-channel flash memory cell 101 is biased to a source 
line voltage V sl through the corresponding source line 
(SL), and the N-well is biased to a well voltage V . The 

3 NW 

source line may be a buried diffusion line. It is important 
to note that the P-channel flash memory cells 101 and 
102 share one P + doped drain region 14. 
[0039] please refer to FIG. 14. FIG. 14 is an enlarged top view 
schematically showing a portion of the layout of the P- 
channel flash memory cell array according to one pre- 
ferred embodiment of the present invention. As shown in 
FIG. 14, the memory array layout is comprised of a plural- 
ity of active areas 201, a plurality of word lines, for exam- 
ple, WL , WL , and WL , laid on the substrate 200 across 

0 1 2 

each of the active areas 201, and a plurality of bit lines, 
for example, BL q , BL^ and BL 2> intersecting the word lines. 
The bit lines BL , BL , and BL are formed on a top surface 

0 12 K 

of an inter-layer dielectric (ILD) layer (not explicitly 
shown). A buried diffusion source line, for example, 
source line (SL^, is formed in the substrate 200 between 



two adjacent word lines: Wl^ and Wl_ 2 . A buried diffusion 
source line Sl_ 2 is formed between two adjacent word 
lines: WL and WL (not shown in FIG. 14). In accordance 

3 4 

with this preferred embodiment, the active areas 201 and 

the buried diffusion source lines (such as SL and SL ) are 

o 1 

formed using the same photo mask (STI mask) and are 
isolated by shallow trench isolation 202. The buried diffu- 
sion source lines and the P + doped source/drain regions 
14 and 15 are formed in the same ion implantation pro- 
cess. An ONO dielectric layer (not explicitly shown) is dis- 
posed underneath each of the word lines. Referring briefly 
back to FIG. 2, the memory cells 101 and 102 are also 
shown in FIG. 14 as indicated in the two corresponding 
dash line regions, wherein the P + doped source region 15 
of the P-channel flash memory cell 101 is electrically con- 
nected to the source line SL q , and the P + doped drain re- 
gion 14 of the P-channel flash memory cell 101 is electri- 
cally connected to the bit line Bl^ via a contact device 
204. 

[0040] please refer to FIG. 15. FIG. 15 is an enlarged top view 
schematically showing a portion of the layout of the P- 
channel flash memory cell array according to another pre- 
ferred embodiment of the present invention. As shown in 



FIG. 15, the memory array layout is comprised of a plural- 
ity of active areas 301, a plurality of word lines, for exam- 
ple, WL , WL , WL , and WL , laid on the substrate 300 

0 1 2 3 

across each of the active areas 301, and a plurality of bit 
lines, for example, BL q , BL^ and Bl_ 2 , intersecting the word 
lines. The bit lines BL , BL , and BL are formed on a top 

0 12 K 

surface of an inter-layer dielectric (ILD) layer (not explic- 
itly shown). The buried diffusion source lines SL Q and Sl^ 
are formed between WL and WL and between WL and 

0 1 2 

WL 3> respectively. The active areas 301 are defined by 
shallow trench isolation 302. It is important to note that 
the active areas 301 and the buried diffusion source lines 
are not formed with the same photo mask. An ONO di- 
electric layer (not explicitly shown) is disposed underneath 
each of the word lines: WL , WL , WL , and WL . 

0 1 2 3 

[0041] please refer to FIG. 16. FIG. 16 illustrates the cross sec- 
tional views along lines X , X , Y and Y of FIG. 15, re- 

» l' 2' 1 2 ' 

spectively. As shown in FIGS. 15 and 16, in X i direction, 
ONO dielectric layer 310 is formed under the word line WL 
, which extends across the active areas 301 and shallow 

2' 

trench isolation (STI) 302. In direction, it is seen that 

the source line SL under the STI regions connects the 

o 3 

doped source regions 307 of each of the memory cells in 



one row. An ILD layer is deposited over the substrate. On 
the top surface of the ILD layer, the bit lines BL q , BL^ and 

BL are formed. As seen in Y direction, the drains 306 of 

2 1 

the memory cells in one column are electrically connected 
to bit line BL^ As seen in direction, the P + doping re- 
gion that connects two neighboring P + doped source re- 
gions in two adjacent columns is formed after the STI for- 
mation. A portion of the STI region between two neigh- 
boring P + doped source regions, such as S Q and S i as 
shown in FIG. 15, is etched away using a suitable mask. 
After this, P type dopants are implanted in the recessed S Q 
and S i regions, followed by silicide process, thereby 
forming the source line SL. The recessed regions are then 
filled with ILD. 

[0042] please refer to FIG. 17. FIG. 17 is an enlarged top view 
schematically showing a portion of the layout of the P- 
channel flash memory cell array according to another pre- 
ferred embodiment of the present invention. As shown in 
FIG. 17, the memory array layout comprises a plurality of 
active areas 401, a plurality of word lines, for example, WL 
, WL , WL , and WL , laid on the substrate 400 across 

0 1 2 3 

each of the active areas 401, and a plurality of bit lines, 
for example, BL q , BL^ and BL 2 , intersecting the word lines. 



The bit lines BL , BL , and BL are formed on a top surface 

0 12 K 

of an inter-layer dielectric (ILD) layer (not explicitly 

shown). Local interconnection source lines SL and SL are 

o 1 

formed between WL and WL and between WL and WL , 

0 1 2 3 

respectively. The active areas 401 are defined by shallow 
trench isolation 402. The active areas 401 and the local 

interconnection source lines SL and SL are not formed 

o 1 

with the same photo mask. The interconnection source 

lines SL and SL and the local interconnection are defined 

o 1 

at the same time. An ONO dielectric layer (not explicitly 
shown) is disposed underneath each of the word lines: WL 
, WL , WL , and WL . 

0 1 2 3 

[0043] please refer to FIG. 18. FIG. 18 illustrates the cross sec- 
tional views along lines X , X , Y and Y of FIG. 17, re- 

s l' 2' 1 2 

spectively. As shown in FIGS. 17 and 18, in X i direction, 
ONO dielectric layer 410 is formed under the word line WL 
, which extends across the active areas 401 and shallow 

2 

trench isolation (STI) 402. In direction, the local inter- 
connection (LI) source line SL q comprising tungsten or 
metal silicide connects the P + doped source regions of the 
memory cells in the same row. ILD layers (ILD i and ILD^ 
are deposited over the substrate. On the top surface of 
the ILD , the bit lines BL , BL , and BL are formed. As 

2 o 1 2 



seen in Y direction, the P + drains of the memory cells in 

one column are electrically connected to bit line Bl^ 

through bit line contacts C and C , which are formed in 
» 12' 

the ILD i and ILD^ respectively. As seen in direction, lo- 
cal interconnection source lines SL and SL are formed 

o 1 

between WL and WL and between WL and WL , respec- 

0 1 2 3^ 

tively. 

[0044] n_ D ata programming, erasing and reading operations of 
the P-channel flash memory according to the present in- 
vention 

[0045] Example 1 

[0046] Program operation through channel hot hole induced hot 
electron injection mechanism 

[0047] please refer to FIGS. 4 and 5. FIGS. 4 and 5 are schematic 
diagrams illustrating the program operation according to 
the preferred embodiment of the present invention. The 
present invention features a method for programming 
PMOS single-transistor memory units. The PMOS single- 
transistor memory unit 101, as indicated in the dash line 
region of FIG. 4, is comprised of a silicon dioxide-silicon 
nitride-silicon dioxide (ONO) dielectric stack 13 disposed 
on an N-well 11, a P type polysilicon gate 12 disposed on 
the ONO dielectric stack 13, a P type doped source region 



15 disposed in the N-well 11 at one side of the P type 
polysilicon gate 12, and a P type doped drain region 14 
disposed in the N-well 11 on the other side of the P type 
polysilicon gate 12. 
[0048] | n program operation, the Ptype polysilicon gate 12 of the 
PMOS single-transistor memory unit 101 is biased to a 
word line voltage V , such as V =-2V. The P type doped 

WL WL 

source region 15 is biased to a source line voltage V sl that 
is greater than the word line voltage V wl , for example, V 
sl =0V. The source line voltage V sl is large enough to pro- 
vide an adequate gate-to-source bias to turn on the P- 
channel 16 of the PMOS single-transistor memory unit 
101. In other words, 

| Vwl -Vsl | 

is larger than threshold voltage of the PMOS single- 
transistor memory unit 101. A bit line voltage V bl is ap- 
plied to the P type doped drain region 14, wherein the bit 
line voltage V is smaller than the source line voltage V , 

BL a SL 

for example, V =-5V. The smaller bit line voltage V 

r BL BL 

provides a lateral electric field for the P-channel hot holes 
22. The lateral electric field forces the P-channel hot holes 
22 passing through the P-channel 16 in an accelerated 
drift rate to the P type doped drain region 14. The accel- 



erated channel hot holes 22 induce hot electrons near the 
P type doped drain region 14, some of which inject into 
the ONO dielectric stack 13. A well voltageV is applied 

3 NW 

to the N-well 11. The well voltage V is equal to the 

NW 

source line voltage V , for example, V = V = OV. The 

SL NW SL 

hot electron injection near the P type doped drain region 
14, which is induced by channel hot holes, is referred to 
as "channel hot hole induced hot electron mechanism". 
[0049] Referring to FIG. 19, the gate voltage shift of the PMOS 

memory cell after performing the above-said channel hot 
hole induced hot electron program operation is illustrated. 
In FIG. 19, the gate voltage vs. source line current relation 
before programming is also plotted, as indicated by solid 
line curve. The experimental data of FIG. 19 is obtained by 
measuring the source line current at different gate volt- 
ages of the above-said PMOS single-transistor memory 
cell that is programmed under the following program 
voltage conditions: V =-1.2V, V =-4V, V =0V, and V 

3 WL BL SL 

=ov. 

NW 

[0050] As shown in FIG. 5, in program operation, the voltage con- 
ditions for the non-selected PMOS single-transistor mem- 
ory cell 102 that is in the same column as the selected 
PMOS single-transistor memory cell 101 include: word 



line voltage V = 1V, floating source (FL), bit line voltage V 

VVL 

=-5V, and well voltage V =0V. In another embodi- 

BL 3 NW 

ment, the source terminal of the above-said non-selected 
PMOS single-transistor memory cell 102 may be grounded 
(V =0V), orV =V . Under such conditions, the P chan- 

SL SL NW 

nel 17 of the memory cell 102 will not turn on (i.e., this 
transistor is in an "OFF" state). The voltage conditions for 
the non-selected PMOS single-transistor memory cell that 
is in the same row as the selected PMOS single-transistor 
memory cell 101 include: word line voltage V wl =-2V, 
grounding source (V =0V), bit line voltage V =0V, well 

SL BL 

voltage V =0V. Under such conditions, the P-channel of 

3 NW 

this non-selected transistor will not be turned on. For the 
non-selected PMOS single-transistor memory cells that 
are not in the same column and not in the same row as 
the selected PMOS single-transistor memory cell 101, the 
voltage conditions include: word line voltage V wl =1V, 
floating source, bit line voltage V =0V, and well voltage V 

BL 

=0V. Under such conditions, the P-channel of these 

NW 

non-selected transistors that are not in the same column 
and not in the same row as the selected PMOS single- 
transistor memory cell 101 will not be turned on. 
[0051] ^ is important to note that all of the operation voltages 



including word line voltage V wl , source line voltage V , 
bit line voltage V , and well voltage V can be shifted by 

3 BL 3 NW 

a positive value, such as +5V, such that all of the opera- 
tion voltages are positive voltages. For example, after 
shifting by +5V, the operation voltages for programming 
include: word line voltage V WL = 3V, source line voltage V 
= 5V, bit line voltage V =0V, and well voltage V =5V. 

SL BL NW 

[0052] R eac | operation Please refer to FIG. 6. FIG. 6 is a schematic 
cross-sectional diagram illustrating the read operation 
according to the preferred embodiment of the present in- 
vention. As aforementioned, hot electrons are injected 
and trapped in the ONO dielectric stack 13 near the P + 
doped drain region 14. As specifically indicated in FIG. 6, 
the localized electrons at one side of the ONO dielectric 
stack 13 extends the P + doped drain region 14, thereby 
shortening the channel length 16. Therefore, for those 
memory cells which are programmed, source-drain punch 
through current can be detected only by applying a rela- 
tively low source line voltage. 

[0053] still referring to FIG. 6, in accordance with the preferred 
embodiment of the present invention, the method for 
reading the programmed PMOS single-transistor memory 
cell 101 includes the steps of: applying a word line volt- 



age V wl , for example, V WL =0 V » t0 tne p tv P e polysilicon 
gate 12 of the PMOS single-transistor memory cell 101, 
applying a source line voltage V^to the P type doped 
source region 15, wherein the source line voltage V $l is 
smaller than the word line voltage V , for example, V 

3 WL ^ 

sl =-2V, thereby providing enough gate-to-source bias to 
turn on the shortened P-channel 16. The P type doped 
drain region 14 is biased to a bit line voltage V bl that is 
larger than the source line voltage V , for example, V 
=0V. A well voltage V =V =0V is applied to the N 

BL 3 NW BL 

well. 

[0054] FIG. 7 schematically shows a portion of the memory array 
under read operation according to the preferred embodi- 
ment of the present invention. As shown in FIG. 7, the 
voltage conditions for the non-selected PMOS single- 
transistor memory cell 102 that is in the same column as 
the selected PMOS single-transistor memory cell 101 in- 
clude: word line voltage V wl =2V, source line voltage V 
=-2V, bit line voltage V =0V, and well voltage V =0V. 

SL BL NW 

Since there is no electron trapped in the ONO dielectric 
stack of the PMOS single-transistor memory cell 102, the 
P-channel of the PMOS single-transistor memory cell 102 
will not be turn on under the above-said voltage condi- 



tions. The voltage conditions for the non-selected PMOS 
single-transistor memory cell that is in the same row as 
the selected PMOS single-transistor memory cell 101 in- 
clude: word line voltage V WL =0 V > source line voltage V 
=-2V, bit line voltage V =-2V, well voltage V =0V. 

SL BL 3 NW 

For the non-selected PMOS single-transistor memory cells 
that are not in the same column and not in the same row 
as the selected PMOS single-transistor memory cell 101, 
the voltage conditions include: word line voltage V wl =2V, 
source line voltage V sl =-2V, bit line voltage V bl =-2V, well 
voltage V =0V. Under such conditions, the P-channel of 

3 NW 

these non-selected transistors that are not in the same 
column and not in the same row as the selected PMOS 
single-transistor memory cell 101 will not turn on. 
[0055] Likewise, all of the operation voltages including word line 
voltage V , source line voltage V , bit line voltage V , 

3 WL 3 SL 3 BL 

and well voltage V can be shifted by a positive value, 

NW 7 K ' 

such as +5V, such that all of the operation voltages are 
positive voltages. 
[0056] Erase operation 

[0057] please refer to FIG. 8. FIG. 8 is a voltage condition table in- 
cluding operation voltages for programming, reading and 
erasing the PMOS single-transistor memory cell according 



to the preferred embodiment of this invention. The 
method for erasing the PMOS single-transistor memory 
cell according to the preferred embodiment of this inven- 
tion is similar with the prior art techniques. For example, 
the PMOS single-transistor memory cells of this invention 
may be erased by Fowler-Nordheim tunneling (FN tunnel- 
ing) or by UV illumination. In a case that the PMOS single- 
transistor memory cells of this invention are erased by FN 
tunneling, as specifically indicated in FIG. 8, the voltage 
conditions for erase operation include: V =-6V, V =6V, 

WL NW 

and grounding source and drain. 

[0058] Example 2 

[0059] Program operation through band-to-band tunneling 
mechanism 

[0060] please refer to FIGS. 9 and 10. FIGS. 9 and 10 are schematic 
diagrams illustrating the program operation according to 
another preferred embodiment of the present invention. 
The present invention features a method for programming 
PMOS single-transistor memory units based on band- 
to-band tunneling (BTBT) mechanism. The PMOS single- 
transistor memory unit 101, as indicated in the dash line 
region of FIG. 9, comprises an ONO dielectric stack 13 dis- 
posed on an N-well 11, a P type polysilicon gate 12 dis- 



posed on the ONO dielectric stack 13, a P type doped 
source region 15 disposed in the N-well 11 at one side of 
the P type polysilicon gate 12, and a P type doped drain 
region 14 disposed in the N-well 11 on the other side of 
the P type polysilicon gate 12. 
[0061] | n program operation, the Ptype polysilicon gate 12 of the 
PMOS single-transistor memory unit 101 is biased to a 
word line voltage V >0V, such as V =5V. The Ptype 

3 WL WL 

doped source region 15 is floating. A bit line voltage V 
=-4V is applied to the P type doped drain region 14. A 

BL 

well voltageV =2V is applied to the N-well 11. Under the 

3 NW 

above conditions, a band-to-band tunneling (BTBT) injec- 
tion will occur. Hot electron-hole pairs are generated at 
the junction between the N well 11 and the Ptype doped 
drain region 14, and some of the hot electrons inject into 
the ONO dielectric stack near the P type doped drain re- 
gion 14 through BTBT mechanism. Referring to FIG. 20, the 
gate voltage shift of the PMOS memory cell after perform- 
ing the above-said BTBT program operation is illustrated. 
In FIG. 20, the gate voltage vs. source line current relation 
before programming is also plotted, as indicated by solid 
line curve. The experimental data of FIG. 20 is obtained by 
measuring the source line current at different gate volt- 



ages of the above-said PMOS single-transistor memory 
cell that is programmed under the following program 
voltage conditions: V =5V, V =-4V, and V =2V. 

3 WL BL NW 

[0062] FIG. 10 schematically shows a portion of the memory array 
under read operation according to this preferred embodi- 
ment of the present invention. As shown in FIG. 10, the 
voltage conditions for the non-selected PMOS single- 
transistor memory cell 102 that is in the same column as 
the selected PMOS single-transistor memory cell 101 in- 
clude: word line voltage V WL =0 V > floating source line, bit 
line voltage V =-4V, and well voltage V =2V. The volt- 

BL NW 

age conditions for the non-selected PMOS single- 
transistor memory cell that is in the same row as the se- 
lected PMOS single-transistor memory cell 101 include: 
word line voltage V WL =5V, floating source line, floating bit 
line voltage, and well voltage V =2V. For the non- 

3 NW 

selected PMOS single-transistor memory cells that are not 
in the same column and not in the same row as the se- 
lected PMOS single-transistor memory cell 101, the volt- 
age conditions include: word line voltage V WL =0V, floating 
source line and bit line, well voltage V =2V. 

3 NW 

[0063] Likewise, all of the operation voltages including word line 
voltage V , source line voltage V , bit line voltage V , 

3 WL 3 SL 3 BL 



and well voltage V nw can be shifted by a positive value, 
such as + 5V, such that all of the operation voltages are 
positive voltages. 
[0064] R eac | operation 

[0065] please refer to FIG. 11. FIG. 11 is a schematic cross- 
sectional diagram illustrating the read operation accord- 
ing to another preferred embodiment of the present in- 
vention. Electrons are injected and trapped in the ONO di- 
electric stack 13 near the P + doped drain region 14. As 
specifically indicated in FIG. 11, the localized electrons at 
one side of the ONO dielectric stack 13 extends the P + 
doped drain region 14, thereby shortening the channel 
length 16. Therefore, for those memory cells, which are 
programmed, source-drain punch through current can be 
detected only by applying a relatively low source line volt- 
age. 

[0066] still referring to FIG. 11, the method for reading the pro- 
grammed PMOS single-transistor memory cell 101 in- 
cludes the steps of: applying a word line voltage V , for 
example, V =0V, to the P type polysilicon gate 12 of the 

WL 

PMOS single-transistor memory cell 101, applying a 
source line voltage V^to the P type doped source region 
15, wherein the source line voltage V $l is smaller than the 



word line voltage V wl , for example, V sl =-2V, thereby pro- 
viding enough gate-to-source bias to turn on the short- 
ened P-channel 16. The P type doped drain region 14 is 
biased to a bit line voltage V gL that is larger than the 
source line voltage V , for example, V =0V. A well volt- 

SL K ' BL 

age V =V =0V is applied to the N well. 

3 NW BL 

[0067] FIG. 12 schematically shows a portion of the memory array 
under read operation according to another preferred em- 
bodiment of the present invention. As shown in FIG. 12, 
the voltage conditions for the non-selected PMOS single- 
transistor memory cell 102 that is in the same column as 
the selected PMOS single-transistor memory cell 101 in- 
clude: word line voltage V wl =2V, source line voltage V 
=-2V, bit line voltage V =0V, and well voltage V =0V. 

SL BL NW 

Since there is no electron trapped in the ONO dielectric 
stack of the PMOS single-transistor memory cell 102, the 
P-channel 17 of the PMOS single-transistor memory cell 
102 will not turn on under the above-said voltage condi- 
tions. The voltage conditions for the non-selected PMOS 
single-transistor memory cell that is in the same row as 
the selected PMOS single-transistor memory cell 101 in- 
clude: word line voltage V WL =0V» source line voltage V 
=-2V, bit line voltage V =-2V, well voltage V =0V. 

SL BL NW 



For the non-selected PMOS single-transistor memory cells 
that are not in the same column and not in the same row 
as the selected PMOS single-transistor memory cell 101, 
the voltage conditions include: word line voltage V wl =2V, 
source line voltage V sl =-2V, bit line voltage V bl =-2V, well 
voltage V =0V. Under such conditions, the P-channel of 

3 NW 

these non-selected transistors that are not in the same 
column and not in the same row as the selected PMOS 
single-transistor memory cell 101 will not turn on. 
[0068] Likewise, all of the read operation voltages including word 
line voltage V wl , source line voltage V , bit line voltage V 
, and well voltage V can be shifted by a positive value, 

BL NW 

such as +5V, such that all of the read operation voltages 
are positive voltages. 
[0069] Erase operation 

[0070] please refer to FIG. 13. FIG. 13 is a voltage condition table 
including operation voltages for programming, reading 
and erasing the PMOS single-transistor memory cell ac- 
cording to another preferred embodiment of this inven- 
tion. The method for erasing the PMOS single-transistor 
memory cell according to the preferred embodiment of 
this invention is similar with the prior art techniques. For 
example, the PMOS single-transistor memory cells of this 



invention may be erased by Fowler-Nordheim tunneling 
(FN tunneling) or by UV illumination. In a case that the 
PMOS single-transistor memory cells of this invention are 
erased by FN tunneling, as specifically indicated in FIG. 13, 
the voltage conditions for erase operation include: V 
=-6V, V =6V, and grounding source and drain. 

WL NW 3 

[0071] Those skilled in the art will readily observe that numerous 
modifications and alterations of the present invention 
method may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 



